Phenylbutenoids 1-6 isolated previously from the CHCl 3 extracts of the rhizomes of Zingiber cassumunar, were evaluated for their cyclooxygenase-2 (COX-2) inhibitory activity along with a new isolate, 7 from the nBuOH extracts of this plant. The COX-2 inhibitory assay was performed by measuring prostaglandin E 2 production in lipopolysaccharide 
The ginger rhizomes have been traditionally used for gastrointestinal distress and to prevent motion sickness.
2) Previous phytochemical work on the rhizomes of Z. cassumunar has resulted in the isolation of various types of phenylbutenoids, curcuminoids, and sesquiterpenoids. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] Some of these compounds were found to have diverse biological activities such as cytotoxic, 3, 4) antioxidant, [10] [11] [12] anti-insecticidal, 14) anti-inflammatory, [15] [16] [17] and uterine relaxant activity. 18) In our previous study, two phenylbutenoid dimers, (Ϯ)- (2) , and four phenylbutenoids, 4-(2,4,5-trimethoxyphenyl)-but-1,3-diene (3), 4-(3,4-dimethoxyphenyl)but-1,3-diene (4), 3) (E)-4-(3,4-dimethoxyphenyl)but-3-en-1-ol (5), and (E)-4-(3,4-dimethoxyphenyl)but-3-en-1-yl acetate (6) 4) were isolated from the CHCl 3 extract of the rhizomes of Z. cassumunar. Furthermore, extensive column chromatography of a n-BuOH extract of the same plant led to the isolation of a new phenylbutenoid glycoside, (E)-4-(3,4-dimethoxyphenyl)but-3-en-1-O-b-D-glucopyranoside (7). All isolates were evaluated for their inhibitory activity of PGE 2 production (for COX-2 inhibitory activity) in a cell culture system, using LPS-activated murine macrophage RAW 264.7 cells. Herein, we describe the structural elucidation of 7 and the results of biological evaluations on compounds 1-7.
trans-3-(3,4-dimethoxyphenyl)-4-[(E )
Compound 7 was deduced to have an elemental formula of C 19 H 28 O 7 by HR-EI-MS which showed a molecular ion peak at m/z 370.1631. The IR spectrum showed a strong absorption band at 3401 cm Ϫ1 for one or more hydroxyl groups. The UV spectrum of 7 exhibited an absorption maximum at 260 nm, indicating the presence of one or more aromatic system(s). Two methoxy groups appeared at d C-NMR spectra of 7. These methoxy groups were assigned to C-3Ј and C-4Ј, respectively, by their three-bond connectivities of OCH 3 -3Ј/C-3Ј and OCH 3 19) The olefinic group was positioned between C-1Ј and C-2 by the The COX-2 inhibitory assay was performed by measuring prostaglandin E 2 (PGE 2 ) production in LPS-activated murine macrophage RAW 264.7 cells. Prostaglandins (PGs) are formed from arachidonic acid by the action of COX and involved in various pathophysiological processes including inflammation and carcinogenesis. It has been known that two forms of the COX enzyme exist, designated COX-1 and COX-2. COX-1 is constitutively expressed in most tissues and cells and is thought to control synthesis of those PGs important for normal cellular functions such as gastrointestinal integrity and vascular homeostasis. In contrast, COX-2 is not normally present, but is inducible in certain cells in response to inflammatory stimuli and control of cell growth. 20, 21) Thus, compounds that inhibit the activity of COX-2 might be an important target for anti-inflammation or cancer chemoprevention. In the present study, phenylbutenoid dimers, 1 and 2, showed the most potent COX-2 inhibitiory activity with the IC 50 values of 2.71 and 3.64 mM, respectively. This type of phenylbutenoid dimers might be a good candidate for the COX-2 inhibitory agents because the two similar compounds exhibited similar potency, although it seems hard to conclude only with these two compounds. The phenylbutenoid monomers, 3 and 4, containing butadiene functionalities, exhibited the moderate COX-2 inhibitory activity with the IC 50 values of 14.97 and 20.68 mM, respectively. The other three phenylbutenoid monomers, 5-7, containing butene groups, were found to be inactive in the present COX-2 assay system. From these results, we can assume that a conjugated system in the butadiene side chain might be very important for the COX-2 inhibitory activity in the phenylbutenoid monomers. Further study needs to establish the structure-activity relationship between phenylbutenoids and COX-2 inhibition. To the best of our knowledge, this is the first report on the evaluation of compounds, 1-7 for their COX-2 inhibitory activity.
Experimental
General Experimental Procedures Optical rotations were measured with a P-1010 polarimeter (Jasco, Japan) at 25°C. UV and IR spectra were recorded on a U-3000 spectrophotometer (Hitachi, Japan) and a FTS 135 FT-IR spectrometer (Bio-Rad, CA, U.S.A.), respectively. 1D and 2D NMR experiments were performed on a UNITY INOVA 400 MHz FT-NMR instrument (Varian, CA, U.S.A.) with tetramethylsilane (TMS) as internal standard. EI-MS was obtained on a JMS 700 Mstation HR-MS spectrometer (JEOL, Japan) operating at 70 eV. Silica gel (230-400 mesh, Merck, Germany) and RP-18 (YMC-GEL ODS-A, 12 nm, S-150 mm, YMC, Japan) were used for column chromatography. Thin-layer chromatographic (TLC) analysis was performed on Kieselgel 60 F 254 (silica gel, 0.25 mm layer thickness, Merck, Germany) and RP-18 F 254s (Merck, Germany) plates, with visualization under UV light (254, 365 nm) and 10% (v/v) sulfuric acid spray followed by heating (120°C, 5 min) . Extraction and Isolation The dried rhizomes of Z. cassumunar (500 g) were extracted with MeOH (3ϫ2 l) overnight at room temperature. The solvent was evaporated in vacuo to afford a concentrated MeOH extract, which was then suspended in water (200 ml). It was partitioned with n-hexane (4ϫ200 ml), CHCl 3 (3ϫ200 ml), and n-BuOH (2ϫ200 ml), subsequently. The n-BuOH extract (3.3 g) was separated by a silica gel flash column chromatography (f 5.5 cm; 230-400 mesh, 500 g) with a gradient of CH 2 Cl 2 -MeOH-H 2 O (9 : 1 : 0.05→1 : 1 : 0.1, 5 l each) as a mobile phase, affording 15 fractions (FI-FXV). FII (33.8 mg) eluted with CH 2 Cl 2 -MeOH-H 2 O (9 : 1 : 0.05), was subjected to a reversed-phase column chromatography (f 2 cm; ODS-A, 12 nm, S-150 mm, 30 g) with a gradient of MeOH-H 2 O (1 : 2→1 : 1, 1 l each) as a solvent system, yielding compound 7 (12 mg, RP-18 TLC R f 0.3, MeOH-H 2 Oϭ1 : 1).
Plant Material
( ϩ (Calcd for C 19 H 28 O 7 , 370.1628). Measurements of PGE 2 Accumulation by COX-2 in Cultured LPS-Induced RAW264.7 Cells RAW264.7 macrophage cells were maintained in DMEM supplemented with penicillin-streptomycin and 10% FBS at 37°C, 5% CO 2 in humidified air. For evaluating the inhibitory activity of test materials on COX-2, the cells were allowed to adhere for 2 h in the presence of aspirin (250 mM) to inactivate endogenous COX in 96-well culture plate, washed three times with media, and then incubated in the fresh medium with 1 mg/ml of LPS. Test materials were simultaneously added to each well. After the additional 16 h incubation, the media were removed and analyzed by PGE 2 enzyme immunometric assay (EIA). PGE 2 -EIA was performed according to Pradelles (1985) with the minor modification. 22) In these assays, 100% activity was defined as the difference between PGE 2 accumulation in the absence and in the presence of LPS for 16 h in triplicate determination. % Inhibition was expressed as [1Ϫ(PGE 2 level of sample)ϬPGE 2 level of vehicle treated-control]ϫ100. 
